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ABSTRACT 


THE  CHEMICAL  MOD  EPIC  AT  ION  OF  NECROGENIC  AND 
PROTEOLYTIC  ACTIVITIES  OF  CROTALIDAE  VENOM  AND 
THE  USE  OF  EDTA  TO  PRODUCE  A  VENOM  TOXOID 

OBJECTIVE 


To  investigate  the  proteolytic  activity,  necrolytic  activity,  and 
antigenicity  of  untreated  venom  and  venom  which  had  reacted  with 
ethylenediaminetetraacetic  acid  (EDTA). 

RESULTS  AND  CONCLUSIONS 


Agkistrodon  piscivorus  venom  treated  with  EDTA  lost  ability  to 
digest  casein.  Neither  sodium  phosphate  nor  sodium  bicarbonate  re¬ 
stored  this  ability.  The  hemorrhagic  and  necrotizing  activity  of  this 
venom  was  essentially  absent  following  EDTA  treatment.  EDTA 
treated  venom  which  did  not  produce  necrosis  and  hemorrhage  stimu¬ 
lated  the  production  of  antibodies  which  neutralized  the  local  and  sys¬ 
temic  toxic  activity  of  untreated  venom. 

RECOMMENDATIONS 


The  usefulness  of  EDTA  in  the  treatment  of  snakebite  should  be 
investigated  and  attempts  should  be  made  to  isolate  and  characterize 
the  necrogenic  and  proteolytic  components  of  snake  venom. 
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THE  CHEMICAL  MODIFICATION  OF  NECROGENIC  AND 
PROTEOLYTIC  ACTIVITIES  OF  CROTALIDAE  VENOM  AND 
THE  USE  OF  EDTA* TO PRODUCE  A  VENOM  TOXOID 

L  INTRODUCTION 


The  important  observation  of  Deutsch  and  Diniz  that  EDTA  in¬ 
hibited  venom  proteinase*  has  suggested  the  existence  of  a  unique 
class  of  proteolytic  enzymes,  and  apparently  an  essential  role  of 
metals  in  the  a«.*iv\ties  of  venom  toxins  (1,  2). 

This  communication  demonstrates  the  suppression  of  the  ne¬ 
crotizing  properties  of  Crotaiid  venoms  by  EDTA  ia  the  rabbit.  The 
effects  of  various  parameters  on  the  course  of  venom  inactivation  by 
EDTA  are  reported;  furthermore,  venom  treated  with  EDTA  was 
shown  to  induce  antibody  formation  against  the  necrotizing  and  toxic 
effects  of  native  venom. 

IL  MATERIALS  AND  METHODS 


Proteolytic  activity  was  determined  by  the  casein  digestion  meth¬ 
od  of  Kunitz  (3).  Digestion  was  carried  out  for  20  minutes  at  35"C  at 
a  casein  concentration  of  0.  5 %  in  C.  05  molar  Tris-HCl**  buffer  at 
pH  8,  if  not  indicated  otherwise.  Identical  blanks  were  used  in  which 
the  mixing  of  all  reactants  was  quickly  followed  by  the  addition  of  tri¬ 
chloroacetic  acid.  Proteolytic  activity  was  terminated  by  the  addition 
of  3  ml  of  10%  TCA  to  2  ml  of  reaction  mixture.  The  suspension  thus 
obtained  was  filtered  after  30  minutes  and  the  optical  density  ox  the 
reciting  filtrate  was  measured  at  2800  A  against  the  appropriate 
blank. 


Immunodiffusion  analyses  were  carried  out  by  placing  15  ml  of 
aterile  Difco  agar  in  plastic  petri  dishes  of  10  cm  diameter.  The 
agar  was  solidified  in  the  cold  and  a  center  well  1  cm  in  diameter  was 
cut.  Two  to  four  peripheral  wells,  0.  8  cm  in  diameter  were  located 
4-5  mm  from  the  center  well.  Solutions  containing  10  mg  of  venom 
per  ml  were  placed  in  the  center  well,  and  normal  saline  solutions 
containing  100  mg  per  ml  of  rabbit  immunoglobulins  were  placed  in 
the  peripheral  wells.  The  plates  were  incubated  for  3  to  5  days  at 
22  *C  and  then  photographed. 


•edta,  disodium  salt  of  etbylenediaminetetraacetic  acid, 

** 

Tris-,  tri#  'hydraxymethyl)aminomethane. 
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The  ability  of  rabbit  antibodies  to  neutralize  the  hemorrhagic 
activity  of  venom  was  determined  by  a  method  which  was  essentially 
that  of  Kondo  (4).  A  saline  solution  containing  2  mg  per  ml  of  venom 
was  added  in  equal  parts  to  physiological  saline  containing  100  mg  per 
ml  of  rabbit  immunoglobulin.  As  a  control,  1  tug  per  ml  of  untreated 
venom  is  saline  was  prepared.  Solutions  with  and  without  antibody 
were  incubated  at  37 *C  for  1  hour  before  injection  and  0. 1  ml  of  the 
venom* globulin  mixture  acd  0. 1  ml  of  the  control  were  injected  intra- 
dermally  into  a  depilated  rabbit.  The  animals  were  sacrificed  24  hours 
after  ipject.on  and  the  skin  war,  removed  am  the  undersurface  was  pho¬ 
tographed.  Neutralization  was  indicated  by  comparison  of  the  intra- 
dermal  hemorrhage  at  the  control  and  at  the  area  in  which  venom  was 
treated  with  antibody. 

The  titer  of  gamma  globulin  for  venom  toxins  in  the  two  groups 
of  animals  was  determined  by  the  method  of  Gingrich  and  Hohsnadel 
(5).  Venom  was  dissolved  in  normal  saline  in  a  concentration  of  20 
LD50  per  ml  for  18  to  20  gm  female  Swiss  mice.  Lywhclisiu  rabbit 
globulin  was  dissolved  in  saline  to  a  concentration  of  100  mg  per  ml 
and  aerial  dilutions  of  this  solution  were  prepared.  A  given  quantity 
of  venom  and  serial  dilutions  of  gamma  globulin  were  combined  and 
incubated  for  30  minutes  at  22“C;  0.  5  ml  of  these  solutions  were  in¬ 
jected  intravenously  into  mice.  Death  of  the  animal  within  24  hours 
after  injection  was  attributed  to  venom  toxicity. 

To  compare  the  venom  antigens  of  EDTA  treated  venom  with 
those  of  untreated  venom,  two  groups  of  eight  rabbits  were  immu¬ 
nized.  A  series  of  eight  injections,  increasing  in  amounts,  was 
given  each  animal  as  described  by  Russell  (6).  Venom  was  dis¬ 
solved  in  normal  saline  and  added  to  an  equal  quantity  of  4%  sodi¬ 
um  alginate.  The  injection  site  was  the  subcutaneous  region  of  the 
shoulder.  Ten  days  following  the  last  injection  the  animals  were 
exsanguinated  and  their  serum  collected.  Globulins  were  collected 
by  precipitation  with  35%  ammonium  sulfate.  The  precipitates  were 
dialysed  and  lyopholized.  During  the  course  of  immunization,  the 
group  of  animals  injected  with  untreated  venom  suffered  20%  mor¬ 
tality  and  the  surviving  animals  receiving  entreated  venom  suffered 
severe  local  reactions  and  sloughing  of  tissue.  Neither  deaths  nor 
sloughing  occurred  :n  the  group  of  animals  immunized  with  EDTA 
treated  venom.  There  were  tissue  reactions  in  all  animals  and 
septic  abscesses  developed  in  two  animals  receiving  EDTA  treat¬ 
ed  venom.  .These  were  controlled  by  surgical  draining  and  anti¬ 
biotic  therapy. 
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III.  RESULTS 


Casein  Digestion.  TL  e  digestion  of  casein  by  various  concentra¬ 
tions  of  venoms,  during  a  20-minute  interval  at  35*C,  is  shown  in  Fig¬ 
ure  1.  This  curve  served  as  a  standard  in  assessing  the  effects  of 
ions  and  chelating  agonts  on  proteolytic  activity  in  reaction  mixtures 
differing  with  respect  to  venom  activity,  ion  content,  and  concentra¬ 
tion. 


The  Temperature,  Time,  and  Concentre. "ion  Dependence  of 
Proteinase  Inactivation  by  EDTA.  The  time  required,  at  35*C,  for 
different  concentrations  of  EDTA  to  alter  the  level  of  activity  of  the 
venom  enzymes  which  digest  casein  is  shown  in  Figure  2.  The  pla¬ 
teaus  observed  between  0. 66  mJd  KOTA  and  1. 6?  raid  KOTA  appear 
to  indicate  the  presence  of  at  least  two  venom  enzymes  which  digest 
casein  and  which  differ  in  their  sensitivity  to  EDTA  inactivation. 

A  similar  pattern  of  inactivation  was  observed  when  the  digestion 
time  was  doubled.  Casein  was  digested  by  both  enzymes  and  the  rate 
of  digestion  during  the  second  20  minute  interval  did  not  differ  greatly 
from  that  observed  during  the  first  20  minute  interval. 

Venom  toxoids  were  produced  by  reacting  venom  with  10*2  molar 
EDTA  at  35*C  for  2  hours  at  pH  7.  5.  The  proteolytic  activity  of  venom 
on  casein  following  this  treatment  is  shown  in  Table  1.  In  order  to  de¬ 
termine  the  weakened  proteolytic  activity  of  venom  preparations  used 
as  antigens,  casein  digestion  was  continued  up  to  30  minutes.  These 
data  show  that  casein  was  digested  following  the  treatment  indicated, 
and  show  again  the  existence  of  enzymes  which  digest  casein  and  which 
are  comparatively  resistant  to  EDTA  inactivation. 

EDTA  inactivation  of  venom  proteinases  was  temperature  de¬ 
pendent.  The  extent  to  which  temperature  irfluenced  the  inactivation 
of  these  enzymes  by  EDTA  is  shown  in  Figure  3. 

The  Digestion  of  Casein  by  Venom  Proteinases  in  the  Presence 
of  Combinations  of  NaCl,  NaHC03,  and  FDTA.  The  data  in  Table  2 
show  the  extent  to  which  casein  digestion  was  altered  by  the  presence 
of  sodium  bicarbonate,  and  by  sodium  chloride  in  solutions  with  and 
without  EDTA.  In  the  preparation  of  sodium  bicarbonate  solutions, 
the  hydrogen  ion  cor.cenlration  was  not  permitted  to  drop  below  pH  3 
(2).  In  testing  for  stimulation  of  proteolytic  activity  or  for  the  al¬ 
leviation  c i  EDTA  inhibition,  bicarbonate  (solutions  were  added  to 
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solutions  of  casein  or  venom  which  were  buffered  at  pH  8.  The  vari¬ 
ous  components  tested  were  reacted  with  venom  at  35*C  for  15  min¬ 
utes,  and  the  final  concentration  of  EDTA  in  these  solutions  was  3.  3 
«nX4. 


Differences  in  casein  digestion  in  the  presence  and  absence  of 
bicar bcnate  are  of  a  magnitude  which  fall  within  the  limito  of  experi¬ 
mental  error.  Neither  NaHCO^  nor  NaCl  produced  a  significant  al¬ 
teration.  in  EDTA  inhibition. 

The  effect  of  phosphate  on  the  EDTA  inhibition  of  venom  pro- 
teinases  was  reinvestigated.  The  data  in  Figure  4  show  that  under 
the  conditions  of  this  experiment  the  addition  of  a  second  possible 
lisatina  inhttinr.  m  soluticfie  of  Yoncm  siud  EDTA  increases  rather 
than  diminishes  the  proteinase  activity  of  such  solutions. 

The  Effect  of  EDTA  on  the  Ability  of  Venom  to  Produce  Intra- 
dermal  Necrosis.  A  typical  hemorrhagic  lesion  produced  by  the  intra- 
dermal  injection  of  venom  is  marked  as  control  in  Figure  5.  This 
hemorrhagic  area  was  produced  by  500  pg  of  venom  injected  in  0. 1 
ml  of  saline.  This  quantity  of  venom  gave  an  optical  density  of  only 
0.  39  at  2800  A  in  the  standard  proteolytic  assay. 

The  hemorrhagic  areas  shown  in  the  top  row  of  Figure  5  were 
each  produced  by  the  same  quantity  and  volume  of  venom  used  for  the 
"control"  but  the  venom  used  for  injection  in  the  areas  marked  with 
time  intervals  were  incubated  with  EDTA.  The  time  intervals  denote 
the  length  of  time  venom  reacted  with  EDTA  at  35*C  before  injection. 

A  Comparison  of  Immunochemical  Reactions  of  Untreated  Venom 
and  the  Immunoglobulins  of  Rabbits  Inoculated  either  with  Untreated 
Venom  or  with  EDTA  Treated  Venom.  The  gross  similarity  among 
immunoglobulins  from  rabbits  immunized  with  EDTA  treated  venom 
and  untreated  venom  was  revealed  in  the  immunodiffusion  pattern 
shown  in  Figures  6a  and  6b.  The  prominent  confluence  of  numerous 
precipitation  bands  emphasized  the  similarity  in  antigenic  structure 
of  the  non-necrotizing  EDTA  treated  venom  and  the  highly  necrotizing 
untreated  venom. 

This  similarity  in  antigenic  structure  was  emphasized  again  by 
the  observation  (Fig.  1)  that  antiserum  from  a  rabbit  immunized  with 
the  non-necrotizing  EDTA  treated  venom  neutralized  the  necrogenic 
activity  of  untreated  venom.  Using  the  intrader mal  skin  test,  the 
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antiserum  produced  in  response  to  the  EDTA  treated  venom  was  in¬ 
distinguishable  from  the  antiserum  produced  in  response  to  the  un¬ 
treated  necrotizing  venom. 

The  ability  of  antisera  to  neutralize  the  lethal  toxicity  of  venom 
injected  intravenously  was  investigated  in  the  mouse.  A  group  of 
rabbits  were  inoculated  with  untreated  venom  and  another  group  was 
prepared  by  35%  (NH^)gSO^  precipitation  from  the  serum  of  each  group 
and  it  was  dialysed,  lyophoiised,  and  finally  mixed  in  solution  with  un¬ 
treated  venom.  The  LD50  of  these  solutions  are  compared  in  Table 
3.  It  was  observed  that  the  i mm uno- response  to  EDTA  treated  and  un¬ 
treated  venom  with  respect  to  neutralisation  of  lethal  toxicity  was  es¬ 
sentially  tho  sar'.e.  The  responses  observed  with  both  types  of  venom 
distinguished  the  sera  of  the  inoculated  group  from  the  sera  of  rabbits 
which  were  not  inoculated  with  venom. 

IV.  DISCUSSION 


The  proteolytic  activity  of  Crotalid  venom  is  inhibited  by  chelat¬ 
ing  agents  (1 ),  but  this  activity  is  not  significantly  diminished  by  di¬ 
alysis.  These  observations  suggest  that  the  enzymes  of  venom  are 
metalloproteins  rather  than  metal  protein  complexes  (7). 

Inhibition  of  metalloprotein  enzymes  by  chelating  agents  may 
occur  in  consequence  of  the  displacement  of  an  essential  metal  from 
the  enzyme  by  the  chelating  agent  and  in  consequence  of  the  occupancy 
of  an  essential  coordinate  position  on  the  protein  bound  metal  by  the 
chelating  agent.  In  beth  mechanisms  of  inactivation  the  ligand,  che¬ 
lating  agent,  functions  as  an  electron  donor  and  the  metal  as  an  elec¬ 
tron  acceptor.  From  these  considerations  it  would  appear  unlikely 
that  inhibition  by  a  given  ligand  would  be  reversed  by  the  addition  of 
a  second  ligand. 

Phosphate  and  sodium  bicarbonate,  like  EDTA,  may  act  as 
ligands  and  in  this  capacity  react  with  or  remove  enzyme  bound 
metal.  ?ct,  Philpot  and  Deutsch  (2)  and  Philpot  (8)  state  that  phos¬ 
phate  and  sodium  bicarbonate  alleviate  (1)  inhibition  of  venom  pro- 
teinases  by  EDTA. 

Because  of  the  difficulty  in  visualising  a  mechanism  which  would 
account  for  such  an  antagonism  of  EDTA  inhibition  by  other  ligando, 
the  question  of  the  effect  of  EiDTA  on  venom  proteinases  was  reinvesti- 

gaied. 
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The  inhibition  of  enzyme  activity  by  a  chelating  agent  is  pre¬ 
sumptive  evidence  that  a  metal  is  essential  to  that  activity.  It  may 
be  imagined  that  a  given  motalloenzyme  would  e-ince  a  characteristic 
inactivation  rate  at  various  concentrations  of  chelating  agents.  On 
this  ba>iie,  the  data  in  Figure  2.  show  that  ~t  least  two  enzymes  or 
groups  of  enzymes  are  active  in  the  digestion  of  casein  by  venom. 
These  enzymes  are  distinguished  by  a  difference  in  their  sensitivity 
to  EDTA  inactivation,  and  tnia  difference  appears  as  the  sharp  break 
in  the  curves  of  Figure  2,  and  in  the  broad  plateaus  apparent  at  EDTA 
concentration  above  0. 66  mKf . 

In  this  etu»'y,  contrary  to  the  reports  of  others  (1),  EDTA  did  not 
completely  inhibit  the  protelnases  of  the  cottonmouth  moccasin.  In  an 
attempt  to  produce  a  venom  toxoid  which  caused  little  or  no  dermal 
necrosis,  venom  was  reacted  with  relatively  high  concentrations  of 
EDTA  for  sevsral  hours  at  37*C,  but  this  venom  continued  to  show 
proteolytic  activity  on  casein  (Table  1)  although  it  was  minimally 
necrogenic.  , 

The  strong  temperature  dependence  of  EDTA  inactivation  (Fig. 

3)  may  suggest  that  loss  of  activity,  if  the  chelating  agent  reacted 
rapidly  with  the  metal  of  the  enzyme,  results  from  a  denaturation 
represented  by  a  conformational  change  in  the  enzyme.  The  use  of 
radioactive  labeled  EDTA  in  a  study  of  its  possible  fixation  to  enzyme 
pre’ein  may  be  of  value  in  elucidating  the  mechanism  of  this  inactiva¬ 
tion,  as  well  as  elucidating  the  atzength  of  a  possible  metal  to  protein 
bond. 


It  has  been  reported  that  EDTA  inhibition  of  venom  proteinases 
was  reversed  by  physiologically  ubiquitous  ions  such  as  phosphate 
and  sodium  bicarbonate  (1,8).  One  conclusion  to  be  drawn  from 
these  reports  was  that  while  EDTA  inactivated  some  of  the  toxic 
components  of  venom  under  certain  in  vitro  conditions,  it  would  be 
unlikely  that  this  chelating  agent  could  inhibit  the  action  of  these 
toxins  in  vivo.  However,  as  stated  above,  the  notion  of  the  alleviation 
of  EDTA  inhibition  by  other  ligands  was  difficult  to  rationalize  in  terms 
of  known  chemical  mechanisms. 

The  effect  of  phosphate  and  of  sodium  bicarbonate  on  venom  en¬ 
zymes  which  digest  casein  therefore  was  reinvestigated.  Figure  4 
shows  the  effect  of  phosphate  on  the  digestion  of  casein  and  on  the 
EDTA  inhibition  of  caseinase  activity.  Here  it  was  apparent  that 
less  proteolytic  activity  was  manifested  in  solutions  containing  phos¬ 
phate  and  EDTA  than  in  solutions  containing  only  EDTA.  The  presence 
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of  phosphate  appeared  to  potentiate  EDTA  inhibition  rather  than  reverse 
such  inhibition.  The  effect  of  sodium  bicarbonate  ion  and  of  sodium 
chloride  on  EDTA  inhibition  of  venom  proteinases  was  explored.  Table 
2  shows  that  EDTA  inhibition  of  these  enzymes  was  reversed  neither 
by  sodium  bicarbonate  alone  nor  by  sodium  chloride.  In  the  absence  of 
EDTA  casein  digestion  was  unaffected  by  sodium  chloride  and  by  sodium 
bicarbonate. 

In  this  study,  the  inability  to  observe  a  reversal  of  EDTA  in¬ 
hibition  by  phosphate  and  sodium  bicar  bona'  e  suggested  the  possible 
value  of  chelating  agents  in  the  inactivation  of  venom  in  vivo.  Pre¬ 
liminary  to  su.'h  an  investigation,  venom  and  EDTA  were  mixed  in  \ 
test  tube  and  the  solution  was  maintained  at  35*C  with  periodic  sam¬ 
pling.  These  samples  of  venom  with  EDTA  were  injected  intradermal- 
ly  at  various  t'rres  after  mixing.  It  is  apparent  from  Figure  6  that 
venom  constituents  responsible  for  intradermal  hemorrhage  wore  in¬ 
activated  by  reacting  with  EDTA  and  that  this  inactivation  was  decidedly 
time  dependent  and  analogous  to  proteolytic  ensyme  inactivation  by 
EDTA. 


A  major  difficulty  in  the  use  of  native  venoms  as  antigens  in  the 
production  of  potent  antivenins  is  the  extensive  local  hemorrhage  which 
occurs  at  the  site  of  injection  (9).  The  observation  that  EDTA  treated 
venom  failed  to  produce  extensive  hemorrhage  suggested  the  use  of 
this  chelating  agent  for  the  production  of  a  venom  toxoid  as  well  as 
for  the  treatment  of  snakebite  (10).  It  was  speculated  that  the  pre¬ 
ponderant  surface  of  the  metal  containing  protein  molecule  might  not 
be  altered  appreciably  by  a  reaction  between  the  metal  and  this  ligand. 
If  such  an  extensive  alteration  did  not  occur,  then  antibodies  against 
the  non-necrogenic  EDTA  treated  venom  might  react  with  native  venom. 

Untreated  venom  and  venom  which  had  reacted  with  EDTA  were 
mixed  with  Na-alginate  adjuvant,  and  rabbits  were  inoculated  with 
these  preparations.  Following  this  treatment  serum  was  obtained 
from  the  rabbits  with  antibodies  against  EDTA  treated  venom  and 
against  non-treated  venom. 

The  considerable  similarity  of  the  antibodies  produced  by  non¬ 
necrotizing  EDTA  treated  venom  and  the  necrotizing  non-treated  venom 
was  revealed  by  the  similarity  and  confluence  of  precipitation  bands  in 
immunodiffusion  analysis  (Figs.  6a  and  6b)  and  by  the  ability  of  anti¬ 
bodies  against  EDTA  treated  venom  to  neutralize  components  of  native 
venom  which  produced  local  necrosis  (Fig.  7}  and  against  those  which 
produced  systemic  intoxication  when  injected  intravenously  (Table  3). 
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V, 


SUMMARY 


Venom  treated  with  EDTA  lost  the  ability  to  produce  intrader mal 
necrosis. 

EDTA  treated  venom  was  capable  of  stimulating  the  production 
of  antibodies  which  reacted  with  and  neutralized  toxins  of  untreated 
venom. 

Neither  sodium  bicarbonate  nor  phosph  -te  reversed  the  EDTA 
inhibition  of  proteolytic  enzymes  of  Agkistrodon  piscivorus  venom. 
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*'iK.  i.  Digestion  of  casein  by  Crotalue  venom.  Optical  density  at  2800  A  vs.  mg  venom  protein, 
Digestion  time  20  minutes. 


0  .33  .66  .99  1.34  1.63  1.98 

mil  EOT* 


Fig.  2.  The  inhibition  of  proteolytic  activity  of  venom  aa  a  function  of 
EDTA  concentration  and  a*  a  function  of  the  time  of  reaction  between 
EDTA  and  venon.  before  the  addition  of  casein.  Reaction  mixture:  0. 1 
ml  venom  (10  mg/ml  H20),  0.  5  ml  2  molar  trie-HCl,  and  0  ml  to  0.  5 
ml  of  330  mM  EDTA  or  H20.  After  incubation  at  35*C  with  EDTA  for 
the  indicated  time  i.  0  ml  of  caaein  in  0. 05  M  tria-KCl  was  added  tind 
digestion  occurred  for  20  minutes  before  the  addition  of  TCA.  Venom 
and  casein  were  together  before  the  addition  of  casein  for  the  time 
shown  on  each  curve. 
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Fig.  3.  The  effect  of  temperature  on  the  EDTA  inactivation  of  venom 
proteinase.  EDTA  reacted  with  venom  for  1  hour  at  pH  8  at  the  tem¬ 
peratures  indicated  in  solutions  2  mM  in  EDTA  containing  7,  3  mg  of 
venom  per  ml.  All  reactants  were  dissolved  in  0.  05  molar  tris-HCl 
buffer  and  in  the  control  solution  buffer  was  substituted  for  EDTA. 
Following  incubation  aliquots  of  these  solutions  were  mixed  with  case¬ 
in  to  give  reaction  mixtures  0.  5%  in  casein,  0. 2  mM  in  EDTA,  and 
containing  0.75  mg  venom  per  ml.  The  values  on  the  ordinate  repre¬ 
sent  the  fraction  of  proteolytic  activity  present  following  incubation 
with  EDTA  for  1  hour,  and  the  values  on  the  abscissa  show  the  tem¬ 
peratures  at  which  incubation  took  place.  The  points  are  the  average 
of  two  determinations  and  the  line  is  arbitrarily  drawn. 


12 


mM  PHOS.  IN  INCUBATION  MIXTURE 


0  .2  .4  .8  .8 

mM  EDTA  IN  INCUBATION  MIXTURE 


Fig.  4.  The  effect  of  phosphate  on  the  EDTA  inhibition  of  venom  pro¬ 
teolytic  activity.  Solutions  of  phosphate,  EDTA,  and  phosphate  with 
EDTA  were  prepared.  These  solutions  contained  7.  5  mg  of  venom 
per  ml,  and  were  kept  at  35*C  for  1  hour.  Proteolytic  activity  was 
then  determined  in  reaction  mixtures  containing  0.75  mg  venom  per 
ml  and  0.  5%  casein.  The  values  on  the  ordinate  are  the  optical  den¬ 
sities  observed  in  TCA  filtrates  following  20-minute  digestion,  and 
the  values  on  the  abscissa  show  the  concentration  of  EDTA  and  phos¬ 
phate  in  each  incubation  mixtur-  tested.  Phosphate  only,  9  O; 
EDTA  only,  and  EDTA  with  phosphate,  !■ - ■  . 
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Fig.  5.  The  time  course  of  EDTA  inact>.  Iob  of  the  hemorrhagic  ac¬ 
tivity  of  snake  venom.  The  lesions  in  the  upper  row  were  produced  by 
0.  5  »Rg  of  venom  in  0, 1  ml  of  physiological  saline,  in  the  lower  row 
one-half  of  this  quantity  of  venom  was  used.  The  venom  solutions  in¬ 
jected  as  control  contained  no  EDTA.  Venom  solutions  at  10~2  molar 
EDTA  were  designated  by  time  inter  als  which  denote  the  length  of  the 
period  following  the  mixing  of  veaora  and  EDTA  at  37  ®C  before  injec¬ 
tion. 
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Fig.  6a.  An  immunodiffusion  analysis  of  antibodies  produced  by  un¬ 
treated  venom  and  venom  treated  with  EDTA.  Solutions  of  antibodies 
stimulated  by  untreated  and  EDTA  treated  venom  a/e  designated  re¬ 
spectively  NYG  and  EVG,  the  solution  of  untreated  venom  is  designated 
NV. 
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Fig.  6b.  An  immunodiffusion  analysis  of  antibodies  produced  by  un¬ 
treated  venom  and  venom  treated  with  EDTA.  Solutions  of  antibodies 
stimulated  by  untreated  and  EDTA  treated  venom  are  designated  re¬ 
spectively  NVG  and  EVG,  the  solution  of  untreated  venom  is  designated 
NV. 
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TABLE  1 


The  Digestion  of  Casein  by  Venom  Preparations  Used  as  Antigens 


Digestion  Time 
Minutes 

Mg  Venom  per  ml 
Reaction  Mixture 

OD  2800  A 
with  EDTA 

OD  2800  A 
no  EDTA 

20 

0.25 

.045 

.248 

It 

0.  50 

.045 

.  344 

40 

0.25 

.073 

.  370 

It 

0.  50 

.100 

.456 

60 

0.25 

.093 

.415 

II 

0.  50 

.116 

.  567 

A  solution  of  10*2  molar  EDTA,  pK  8,  containing  5.0  mg  per  ml  of 
venom  was  incubated  2  hours  at  35*C  and  then  proteolytic  activity  on 
casein  was  tested  as  usual  at  digestion  times  indicated  above. 


TABLE  2 

The  Effect  of  Various  Combinations  of  EDTA,  NaHCC>3,  and  NaCl 
on  the  Digestion  of  Casein  by  Moccasin  Venom 


Venom 

ml 

EDTA 

ml 

NaHC03 

ml 

NaCl 

ml 

h2o 

ml 

2300  A 

OD 

0.  5 

0 

0 

0 

0.  5 

0.28 

HiKSSIJi 

0.3 

0 

0 

0.2 

0. 14 

0.  5 

0.  3 

0.1 

0 

0. 1 

0.  16 

0.  5 

0.3 

0 

0. 1 

0.  1 

0. 14 

0.  5 

0 

0.1 

0 

0.4 

0.26 

0.  5 

0 

0 

0.1 

0.4 

0.29 

The  solutions  described  above  were  kept  at  35*C  for  30  minutes  then 
one  part  of  venom  was  mixed  with  one  part  of  1%  casein.  1.  0  molar 
NaHCOj,  1.  0  molar  NaCl,  and  0. 1  molar  EDTA  solutions  were  used. 
All  reactants  were  at  pH  8  in  0.  05  molar  tris-HCl.  The  venom  solu¬ 
tion  contained  1.  0  mg  of  venom  per  ml. 


IS 


TABLE  3 


iJeutrahza  (or  •  »!  the  Lethal  Toxicity  of  Venom  by  Immune  Globulin 
Obtained  from  Rabbits  Inoculated  with  Untreated  and  EDI  A 
Treated  Venom  of  Agkistrodon  Pigcivorus 


Globulin  Type 

Globulin 

Concentration 

(mg/ml) 

No.  Mice 
Injected 

No.  Mice 
Survived 

U 

50 

8 

8 

U 

37 

8 

0 

u 

25 

8 

0 

EDTA 

50 

8 

4 

EDTA 

37 

8 

0 

EDTA 

25 

8 

0 

Each  solution  indicated  above  contained  10  LD^q  per  ml  and  mice 
were  injected  with  0.  5  ml  of  these  solutions.  Venom  was  mixed 
with  globulin  and  the  resulting  solutions  were  kept  at  32 *C  for  30 
minutes  before  injection.  One  hundred  mg  of  U- globulin  neutral¬ 
ized  20  LD50  of  untreated  venom,  and  100  mg  of  EDTA-globulin 
neutralized  16  LD^q  of  untreated  venom.  U- globulin  was  the  im¬ 
mune  globulin  obtained  fiom  rabbits  inoculated  with  untreated 
venom  and  EDTA-globulin  was  the  immune  globulin  obtainedfrom 
rabbits  inoculated  with  EDTA  treated  venom. 
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HOSPITALS 

06.  Brooke  Gaaaral  Reepital  Medical  Library.  Ft.  Saa  Noaataa.  Tax. 

C6,  Lot  tar aaa  Gaaaral  Reapital.  Proaidie  of  Saa  Fraacioca.  Calif. 

CC,  Hadigoa  Gaaaral  Heapltal.  Tecooe.  Baakiagtea. 

CC.  Billlaa  Baoaoaat  Gaaaral  Hospital  Library,  Ei  Paaa.  Tax. 

CO.  Baaaatt  Aray  Reapital.  Ft.  Jaaatkaa  Biioerigkt.  Fairbaaka,  Alaaka. 

CO.  DeBitt  Aray  Reapital.  Ft.  Ra  rair.  Vo. 

CO.  Daakoa  Aray  Reapital.  Cartixle  Barracks.  Pa. 


ARMED  FORCES -HOSPITALS  Coat. 

DISTRIBUTOR 

CO.  US  Amy  Hospital,  Sierra  Amy  Depot.  Herloag,  Calif.; 

CO.  US  Aray  Hospital,  (kite  Saids  Missile  Rangr  .  N.  Mil. 

M.'.VY 

Aviation  Medical  Acceleration  Lab.  US  Maeel  Air  Deeelepieit  Celt.,  Jeklseille,  Pa. 
Aviation  Psychol  Laboratory.  US  Naval  School  of  Aviation  Medicine.  Pensacola.  Fla. 
Bareaa  of  Naval  feapeis,  Bashing tea.  D.  C. 

Chief,  Bursas  of  Yards  aid  Dicks.  Naskiagtoa,  D.  C. 

Chief  of  Naval  Air  earck  Training.  Gleavlee,  Ill. 

Chief  of  Naval  Air  technical  Training.  US  Naval  Air  Statioi  (7$).  Mespkis,  Ten. 
Coaaaader.  Naval  Missile  Center.,  Teckneal  Library.'  Point  Nvgu.  Calif. 

CO.  Naval  Alt  Materiel  Center.  Technical  Library,  Philadelphia.  Pa. 

CO,  OS  Naval  Civil  Engineer  Lab.  Pert  Hesieoe,  Calif. 

CO.  US  Naval  Medical  Field  Research  Lab.  Library.  Caap  Lejueae.  M.  C. 

CO.  US  Naval  Ordiaace  Test  Sta.  Station  Hospital.  China  Lake,  Calif. 

CO.  US  Naval  Radiological  Defense  Lab.  San  Francisco.  Calif.- 

Director.  Aerospace  Cree  Egsipneat  Lab.  Naval  Air  Eagr  Center.  Philadelphia.  Pa.; 
Director  Research  Divines  (71)  Barean  of  Medicine  6  Sergery.  fashngtea.  D.  C. 
Director.  US  Naval  Research  Laboratory.  Code  2027.-  ■askingtoo.  D.  C. 

Director  of  Laboratories  MRS,  National  Naval  Medical  Center.  Botkondo.  Md. 

Office  of  Naval  Res  Br,  Docssent  4  Teek  Infer.  Bon  IS.  Mavy  110.  Fleet  PO.  Noe  York.  N.  Y. 
Office  of  Naval  Nasearck.  Code  04.  taskiagtoa.  D.  C. 

Officer  in  Charge.  Cs per  Diving  Unit,  US  Naval  Sta.  Mavy  Yard  Annas.  Vashingtos.  D.  C. 
Officer  in  Charge,  Operations  Evolutions  Grasp.  Naskiagtoa.  D.  C. 

Special  Assistsat.  Uedicnl  Allied  Scieaces.  Naskiagtoa.  D.  C. 

Teckaical  Reference  Library,  Naval  Med  Res  last.  Mat’l  Naval  Med  Center.  Bethesda,  Md. 

US  Naval  Research  Laboratory,  US  Naval  Sakaarise  Base.  Mee  London ,  Groton.  Conn. 

US  Naval  Supply  Ren  i  Development  Facility.  Library,  Bayonne.  Nov  York. 

US  Naval  Training  Device  Center,  Code  Id.  Port  Naskisgtos,  N.  Y. 

US  Navy  Medical  Nesrapsyckiatrie  Research  Unit,  Saa  Diege.  Calif. 

US  AIR  FORCE 

Air  Defease  Cood.  Eat  Air  Force  Bose.  Colo. 

Assistant  for  Groasd  Safety,  US  Air  Force,  Naskiagtoa,  D.  C. 

Ceadr,  Roae  Air  Develepoeat  Coster.  Criffias  1*1,  N.  Y. 

Cendr,  (170  AMU.  (NASA)  Nrlght -Pat torsos  AFB.  Ohio 

Condr.  (170  AMRL  (NMBR)  Nrigkt-Potterson  AFB.  Ohio 

Cendr .  (I7(  AMU.  (NRRSL)  Nr igLt -Patterson  AFB.  Ohio 

Ceadr.  Nilfnrd  Hall.  US  Air  Fane  Hospital.  Leek  land  AFB.  Ten. 


MEDICAL  COLLEGE /SCHOOL  LIBRARIES  AMD  DEPTS  Cost. 

DISTRIBUTION 

Vuit  of  Titfliit.  Nodical  Library.  0*i»  Hospital.  Chariot teerill*.  V«,; 

Oslo  of  Virpisia.  Psychology  Dopartsost.  Chariot tosoilla.  Va. 

Oslo  of  Vaohisgtoa.  Health  Scloscos  Library,  Soattlo.  Bask. 

Osir  of  flscossis.  Nodical  Sckool  Library,  Madisos.  Vis. 

Usis  of  Viscossis,  Psychology  Stsdiss  Division.  Madissa.  Vis. 

Mays*  Stats  Oslo,  Radical  Library.  Dotroit.  Mick. 

Vast  Virgiata  Usir,  Nodical  Castor  Library.  Mar gas  toss.  V.  Va. 

Tala  Usir,  School  of  Nodielsa.  Otologic  Rooearck  Laboratory.  Moo  Haros.  Coos. 

Hosier  Osir.  D  par  toes t  of  Psychology.  Ciscissati.  Okie 

FOREIGM 

Accosoioas  Dopt.  Mat'l  Lssdisg  Library  for  del  A  Tack.  Bos  too  SPA.  Yorkstiro.  Eaglasd 
Aoericaa  Eabassy.  Tbo  roroiga  S*c  of  Aoorica.  Atts:  Aoot  Mod  At  taebo.  Loadoa.  Eaglasd 
Britiak  Aroy  Nodical  Liaises  Officer.  Britisb  Eabassy.  Vaskisgtoa.  D.  C. 

British  Mary  Staff  Officor.  Bosjaoia  Freak  Us  Sta.  Atts:  F.  P.  Ellis.  Vashisgtas.  P.  C. 
Caaadioa  Liaisoa'Of ficor.  Office  of  tbo  Surpass  Coaora!.  Vashiogtos.  D.  C. 

Charter  Beatty  Bos  last.  Royal  Career  Hoop,  Atts:  Motor  Alor.aodor.  Loadoa.  Eaglasd 
Coosa sder  P.  M.  Bessel.  Mod  Es  Chef  Do  La.  Maris*.  Parts.  Fresco 
Defesce  Rosoarck  Booker,  Ceaediao  Joist  Staff.  Vaohisgtoa.  D.  C. 

Dr.  Maps  Araaia,  Hospital  Rilitar  Ceatral.  Asascias.  Parogsay, 

Dr.  R.  V.  Brioblacoab.  Choc  Dofosce  East'.  Eat,  Per toa  Does.  Salisbury,  Viits.  Esplaad. 
Dr.  Martti  J.  Karroses.  Dir  Phyciel  Dopt.  The  IsstofOrcap  Health.  Holsiaki.  Fislwd 
Dr.  Jao  Vorsall.  Dopt  of  Histology,  Karolisska  lost,  Stockkola.  Soodes 

Dr.  G.  M.  Vysdkaa.  Dir  Appl  Physiol  Lak.  TULA  O.F.S.  Chcshor  of  Mlaoa.  Johossosburg,  S.  Africa 

EichU  Mogaskiaa  Eats  Isfo  Src,  The  Mat’l  last  of  Aaiaal  Health,  Tokyo.  Jo  pom 

Esc  eel*  do  Saaidaa  Hilitar.  V.  Eds  5*0  iter.  Atts:  Eh paste  C.C.  plsfcs*.  As  uncles,  Ihrroguoy 

Gorsas  Military  Attache. Federal  gie»stry  of  Defease,  Vaohisgtoa,  ».  C. 

last  of  Clisical  Espor  Ssrpory.  Atts:  Dr.  Lisha.  Praps*.  Ere.  Csechoolooakte 

Isst  of  Espor  HodASarp.  Atts:  Dr.  Mass  Solyo,  Dir  Usir  of  Mastroal.  Host  real,  Caoado 

last  of  Pbysiolopy,  (Jai*  of  Pisa.  Atts:  Gsisoppo  Morussi,  Pisa,  Italy 

Laktratory  of  Gosoral  Fatkolopy  Therapy,  Atts:  Prof  Zoaos  M.  Bae*.  Liopo,  Bslpiua 

Medical  Scioseos  Library,  Dsieorsity  of  Alberts,  Cdsaatou,  Cicada 

Osford  Osir,  Dopartsost  of  Ssoas  Aaatoay,  Atts:  Dr.  A.  R.  Lied,  0-ford,  Esplaad 

Prof  D.  Bocsati,  Dir  Isst  de  Cisscias  Fisislopias.  Mostoridoo.  Oruguar 

Prof  R.  V.  Ditckbsrs,  J,  J.  Trespass  Physiol  Lab,  Barks  Dhio,  Berks.  Cspiavd 

Prof  D.  R.  Reef ay,  Ohio  of  R.  Staffordshire,  Koala.  Btaf fordohiro.  Esplaad 

Prof  J.  A.  F.  S  teres ees  Facsity  of  Mod,  Osir  of  Veit  Oat,  Loadoa.  Oat.  Cured* 

Royal  Air  Fore*  Isst  of  Aoistios  Mod,  Atts:  Dr.  C.  H.  Byford.  Farskorospk,  Esplaad 
Royal  Air  Fore*  last  sf  Aoistios  Nod,  Atts:  Lt.  J.  C.  Gaipssrd,  Farsboreupk,  Esplosd 
•oT«l  Society  sf  Rodicis*  Library.  Loadoa  Esplaad 

tklo  sf  fosters  tetario  Bod  School,  Atts:  Dr.  Alloa  C.  Burtoa.  Usds*.  Oct.,  Cased? 


